Finite element methods are used in many disciplines for the development of products, typically in mechanical engineering (for example in automotive industry, biomechanics, etc.). Some modern programs of finite element methods have specific tools (electromagnetic, fluid and structural simulations). The finite elements methods allow detailed presentation of structures by bending or torsion, complete design, testing and optimization before the prototype production. The aims of this paper were model a conveyor belt passage with a driving drum. The model was created in Abaqus CAE program. The created model presented data about forces, pressures, and deformation of the conveyor belt.
INTRODUCTION
The use of computer programs and technologies is almost an imperative in modern times [1] [2], and this is also true for solving of belt conveyor problems [3] . The use of modern technologies, or computer programs, is advantageous both from time aspect and also from an economical aspect [4] . For the creation of a computer model of a conveyor belt, it is possible to use finite element method [5] . The finite element method is a numerical method used to simulatef the course of tension, deformation and other forces acting on the object under investigation [6] . This method is used also by the program Abaqus CAE in which the movement of a conveyor belt through a drive drum was modeled. Conveyor belt is a very important part of belt conveyors. [7] [8] [9] . Conveyors are used in many industries due to their properties. Belt conveyors belong to the most managing types of conveyors [10] . They are engineered for sophisticated conveying of material and they can convey material with the minimal demands of energy and by this way they can reduce costs for material handling [11] . The aim of the study was to form conveyor belt to the form of a trough and ensure its graded transition through the drive drum. The basis for the model was the calculation of the forces and frictions that act on the conveyor belt and idler rollers. The size of these forces and frictions depends on the parameters, such as the length and width of the belt, number of rollers in the idler rollers, number of idler rollers and their spacing. Information and data obtained after model completion can be used by the practical implementation of the conveyor.
THE FINITE ELEMENT METHOD
The finite element method is a numerical method, used to simulate the course of deformation, heat flow, frequencies, fluid flow, and many other physical phenomena on the created physical model. The finite element method requires partitioning of the areas of the object into the final number of sub-areas or elements. Therefore, it is necessary to create a network of finite elements. For each type of elements, apart from its dimension and form, the number and position of its nodes are characteristic. Nodes of network are points where we look for unknown parameters of solutions -such as feeds from which pressures and tensions are calculated. Therefore, by a solution of the problem by the finite element method, it is needed to divide the continuum or the entity into the finite number of sub-areas -elements. [12] The best understanding of the finite element methods is by its practical application, which is known as finite element analysis. Finite element analysis is applied in mechanical engineering as a calculation tool for the realization of technical analysis [13] . It includes the use of technologies that divide the continuous problem into small, individual parts [14] . Finite elements analysis is a good choice for analysis of problems in complex areas (such as automobiles or pipelines), when the area changes (by reaction of the parts in solid state with movable parts), when the required accuracy varies across the area, or the solution lacks fluency. This method can be also used for modeling of conveyor belts and its properties and it helps also for the economic level of their operation, above all attention to causes which cause degradation and damage of the belt. For example, Honus et al. [5] presented an interesting application of the finite element modeling of the stress-strain states in conveyor belts. Lodewijks [15] [16] [17] dealt with possible ways of the finite element method applied to the detailed research of selected problems of conveyor belts. Mazurkiewicz [18] presented the use of finite element methods by the right material properties determination.
CREATION OF THE COMPUTATIONAL MODEL
Abaqus CAE was used to create a computational model. We focused on the adhesion and passing of the conveyor belt of the conveyor through the drum. The model consists of idler station, drum, and belt.
Parts: in the section "Part", 3 sections were created, so-called parts, which create the model of the conveyor belt. First, a roller with a radius of 70 mm and length of 450 mm was created. To simplify the calculation, the rollers were divided into 2 parts using the tool "Create Partition" (Figure 1 ). Subsequently, a drum with a radius of 500 mm and length of 1400 mm ( Figure 2 ) was formed. Finally, a belt with a length 4000 mm and width of 1200 mm ( Figure 3 ) was formed. The belt was divided into individual parts, which simplifies the calculation. Materials: the next step was to assign material properties to individual parts. For the metal parts, i.e. rollers and drum, the selected material was steel with a density of 7.85E -009 , Young modulus of elasticity 204000 MPa and Poisson`s number 0.25 [19] [20] (Figure 4 ). For the nonmetallic parts of the conveyor belt, a material with density 1,099E
-009 ( Figure 5 ) was selected. Assembly: in the section "Assembly", the parts were tagged together ( Figure 6 ). Three idler stations were distributed under the conveyor belt, the spacing was 1000 mm. The spacing between rollers was 20 mm. The drum was distant from the end roller station also 1000 mm. Networking with the value 40 mm in this section was also defined.
Steps: the calculation was designed in two steps. The size of the first step was determined to 0.025, and the size of the second step was determined to 1.
Interactions: four interaction were determined in the section "Interaction", namely among three idler stations, drum and conveyor belt ( Figure 7 ). Interactions were created at the point where the rollers or the drum come in contact with the conveyor belt.
Loads: tensioning the belt by gravity is specified in the section "Loads". The belt is stretched by gravity with a force of 9810 kg·m/s -2 . The belt is also stretched by the tensioning force at the point where it passes through the drum, with a force 10686.14 N, respectively 0.05 MPa.
Boundary Conditions: with the help of "BCs" (Boundary conditions), the boundary conditions for rollers and drum were defined. The drum, as well as the rollers in the centre of the idler stations, are firmly anchored by the function "Encastre" and cannot rotate or move. On the contrary, the side rollers are rotated in the direction of the axis X by 30*, respectively by 0.5235 RAD.
Jobs: after the above-said conditions and requirements setting, in the section "Jobs" the calculation,and respectively the simulation are realized.
In the figures below (Figure 8 and 9) , it is possible to see how the tension affected on the conveyor belt in the individual steps of the calculation. In the first step, the side rollers were lifted to the required value, and the belt was loaded with a gravitational force. In the second step, a stretching force was developed on the belt, and this realized its adhesion to the drum. It is also possible to see, in which sections the belt was most deformed or bent (Figure 10 ). The largest deformation was at the edges of idler stations, where the belt bent to the trough.
In the following graph ( Figure 11 ) it is possible to see how the pressure acted to the conveyor belt at the point, where it passed through the drum. The graph shows that the greatest pressure is at the point of conveyor belt leading to the drum. On the contrary, the smallest pressure acting on the belt is at the end of the drum.
The data were obtained from the following section of the belt (Figure 12 ).
Pressures on the idler stations are shown in the following graph ( Figure 13 ). The graph shows that the greatest pressure is exerted on the idler station in front of the drum, i.e. on the idler station No. 1. The highest measured pressure was 28.2 MPa at the point of the rollers bending. The lowest measured pressure on this idler station, as well as on the remaining two idler stations, is on the middle roller because any forces applied to this roller. The value is 0 MPa.
Data were obtained and measured from the following section on the idler station No. 1 (Figure 14) .
The Figure 18 ).
The following graph presents the deformation of the conveyor belt over the idler stations ( Figure  19 ). The data used for the creation of these graphs were obtained and measured from the following sections of the conveyor belt. The idler station one is the station which is the closest to the drum.
The measured values on the conveyor belt at the point over the idler stations were relatively the same because the rollers were rotated in all cases at the selected 30°, and there was no change of material or other characteristics of the conveyor belt ( Figure 20) .
The measured values above the idler station No. 2 are relatively identical, the height of the belt above the idler station was again increased by 180 mm at a 30° angle (Figure 21 ).
The measured values above the idler station No. 3 did not change significantly, the belt was again raised by 180 mm at the angle 30°. In this case, the values were measured only on three segments (Figure 22 ).
CONCLUSION
The results of this study provide unambiguous information and data about the forces acting on the conveyor belt, pressures in the belt and idler stations, i.e. tensioning force acting on the conveyor belt at the point of passage through the drum, furthermore, the pressures that arise from the rotation of rollers in the idler stations. Last but not least, these are deformation forces generated by rotation of the rollers which ensure the deformation of the conveyor belt to the U form, or in the form of a trough. These data were obtained from the computational model of the conveyor belt, which was modeled in the program Abaqus CAE, used finite element methods. The input data for modeling, such as width or length of conveyor belts, the diameter of the drum, the diameter of rollers, or tensioning force, were chosen or calculated by solution of an example for calculation of belt conveyor. The model consisted of a conveyor belt with the length 4000 mm and width 1200 mm, three idler stations with the length of the roller 450 mm and radius 70 mm, and drum with the radius 500 mm and length 1400 mm. Rollers and the drum were stepped at 1000 mm intervals.
The belt was at the point of passage through the drum stretched by the tensioning force 10686,14 N or 0,05 MPa. The data that were obtained after the model ending, were analyzed in a form of graphs and then compared to each other. By comparison of individual parts, it was found, that the highest roller pressure measured on the idler station, created by rotation of rollers, has the value 28,2 MPa. Conversely, the lowest measured value on the idler station was equal to 0 MPa, because it was measured in the middle roller, and it was not rotated. By comparison of the results of deformation of the conveyor belt over idler stations, it was found that the measured values are almost identical, whereas the belt formed at all stages in the same way, because in any of the measured parts the properties of the conveyor belt did not change and also the angle of rollers rotation, which was 30° in all cases. The model did not deliberate the frictional forces from the driving drum to the conveyor belt, and also it did not the deliberate operating speed of the driving drum because it was not necessary to model. However, if they were used, more realistic and accurate data and values about the conveyor belt, would be obtained.
